Quercetin was able to reduce the cytotoxic effect of T-2 mycotoxin on cultured murine thymocytes. When given to mice immediately before challenge with T-2 mycotoxins, quercetin significantly reduced mortality.
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A, Cells incubated with 400 pg T-2 mycotoxin ml-l plus 10 pg quercetin ml-l (a) or 200 pg T-2 mycotoxin ml-l plus 10 pg quercetin ml-I (b). Data represent means f SD of at least four separate experiments. P < 0.02 at 2 h (a) or 3 h (b) or more as determined by Student's t-test.
mixture was removed and mixed with an equal volume of eosin solution. Cells were examined microscopically in a Neubauer haemocytometer and the viability of at least 200 cells was determined. Quercetin (Sigma) was dissolved in DMSO and added to the T-2 mycotoxin/thymocyte mixture at specified times. Controls were included to determine if quercetin and additional DMSO had a cytotoxic effect on the thymocytes. In other experiments, quercetin was added before or after introduction of T-2 mycotoxin into the thymocyte culture.
In uiuo protection. Mice were challenged by intraperitoneal injection of 4 mg T-2 mycotoxin (dissolved in DMSO) kg-l. This dose represented approximately 1 MLD. Mice receiving quercetin were given the drug immediately before (within 15 min) injection of T-2 mycotoxin. Quercetin was prepared for injection by entrapment in phospholipid vesicles (liposomes). Quercetin was dissolved in absolute ethanol and DMSO (10 : 1, v/v) to give a solution of 40 mg ml-' and 450 pl was placed in a test tube. An equal volume of egg-yolk phosphatidylcholine (Sigma) (100 mg ml-l in chloroform/ethanol) was added and the mixture was dried under N2 and subsequently in a vacuum desiccator. Saline (2 ml) was added to the dried film and the test tube was shaken vigorously to form multilamellar vesicles (MLV). The liposome suspension was diluted with saline to a total volume of 20 ml. This was given to mice at concentrations of 10-20 or 20-30 mg quercetin per ml of liposome suspension.
R E S U L T S A N D D I S C U S S I O N
In Fig. 1 it is apparent that quercetin offered significant protection against cytotoxicity. At the concentrations of T-2 mycotoxin tested, quercetin reduced the cytotoxic effects on thymocytes by approximately 40%. This protection was greatest when the drug was added before or at the same time as addition of T-2 mycotoxin to the thymocyte cultures (Fig. 2) . Delaying the addition of quercetin by 2 h significantly reduced its protective effect. When quercetin was given to mice just before lethal challenge with T-2 mycotoxin, significant protection was obtained at both 24 and 48 h after challenge (Table 1 ). Apparent differences between quercetin treatment doses were not significant upon chi-square analysis. Quercetin at lower doses, or liposomes themselves, had no protective effect (data not shown).
It has been suggested that inhibition of protein synthesis and, to a lesser degree, inhibition of DNA and RNA synthesis is responsible for the observed toxic effects of T-2 mycotoxin (Oldham et al., 1980; Ueno et al., 1973) . More recent studies, however, have focused on alterations in cell membranes as mechanisms of cytotoxicity and pathological consequences T-2 mycotoxin toxicity 1591 Fig. 2 . Effect of the time of addition of quercetin on the protection from cytotoxicity of T-2 mycotoxin on murine thymocytes. Cells were mixed with 200 pg T-2 mycotoxin ml-I at 0 h and 10 pg quercetin ml-I was added at the times indicated. Cytotoxicity assays were done 5 h after the addition of T-2 mycotoxin. Except for -2 h, which was a single trial, the data represent means 2 SD of at least three separate experiments. Table 1 
. Eflect of quercetin on T-2-mycotoxin-induced mortality in mice
Mortality is expressed as (no. mice dead)/(no. mice challenged), and as a percentage in parenthesis.
Both quercetin groups showed significant reduction in mortality (P < 0.002) when data was subjected to chi-square analysis. Quercetin is among a large number of flavonoid compounds commonly found in a variety of fruits and vegetables (Kuhnau, 1976) . These flavonoid compounds have manifold biological properties and have been used as diuretics, heart stimulants, antiviral agents, antitumour agents and antihistaminics (Willaman, 1955) . Quercetin itself has anti-inflammatory properties, inhibits NADPH oxidase in neutrophils and will decrease spontaneous lipid peroxidation following glutathione depletion in rats (Beretz et al., 1982; Tauber, 1984; Younes & Sigers, 1981) . While there is no clear indication of how quercetin protects against T-2 toxicosis, evidence implicating participation of cell membranes in the effects of T-2 mycotoxin suggests that activities relating to inhibition of lipid peroxidation or stabilization of cellular enzyme activation may be involved. As has been observed for related flavonoid compounds, quercetin may also activate degrading enzymes in the liver (Newberne, 1975) . However, because of the ability of quercetin to protect in uitro, the former mechanism must also be relevant.
Dose of Mortality quercetin
Other attempts to reduce the effect of T-2 mycotoxin poisoning have included the administration of zeolite or bentonite to reduce intestinal absorption, and the administration of inducers of microsomal enzymes or agents which increase hepatic glutathione levels (Carson & Smith, 1983; Fricke, 1983; Fricke et al., 1984) . It may be that quercetin or other flavonoid compounds share some of these activities and may be viewed as possible therapeutic agents. (1985) . In vitro
